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Microfluidic device fabrication and operation
The geometry of the microfluidic device was designed by Adobe Illustrator software (Adobe Systems Incorporated, USA), and then the pattern was printed to generate a photo mask. The PDMS chip was manufactured by soft lithography: SU-8 2050 negative photoresist (Microchem, USA) was spread on a clean silica wafer (Tianjin Silica, China) using a spin coater, and then they were soft baked on a hotplate. After cooling down to room temperature, the wafer was covered with the photo mask, exposed to UV light, and then developed with developing solution (Microchem, USA).
The obtained wafer was hard baked on a hotplate to stabilize the geometry of photoresist. The mixture of PDMS prepolymer and curing agent (Sylgard 184, Dow corning, USA) with a weight ratio of 10:1 was poured on the wafer mold. After baked at 80 ℃ for 2h, the PDMS can be peeled off from the wafer mold and punched at proper positions by a needle. The obtained PDMS replica and another PDMS chip with no pattern were cleaned and modified by oxygen plasma (PDC-32G, Harrick Plasma, Ithaca, NY) treatment, and then they were adhered to each other to generate the final microfluidic device (LSCE).
Numeric simulation
Comsol Multiphysics 5.3a (Comsol, USA) was utilized to carry out 3-D simulations of 
Adhesion analysis of single-circulating tumor cells on endothelial cells
LSCE was immobilized at a XYZ scaffold (Sigma KOKI Co., Ltd.), and the cell sample was placed on the XY stage of microscopy (Leica DMI 4000 B, Wetzlar, Germany).
LSCE was moved into the field of view of microscopy, above the culture dish. Then the target cell was moved into the target area, and the height of LSCE was adjusted to shorten the distance of LSCE and the target cell to about 50m. The pump for aspiration and injection were started successively, and the data recording was begun at the same
time. After the extraction of the target cell, LSCE was elevated at first, then another target cell was moved into the target area, finally LSCE was lowered to set the gap as 50 m and the pumps and data recording were initiated. Figure S1 . CTCs adherence to the vascular internal wall in tumor metastasis.
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